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of tangency Q. With another needle, mark the point P on the tracing-cloth. Now, employing a pair of needle points to prevent slipping, roll the traced line on the base circle EF, pricking the path, aPb, of the point P of the tracing-cloth through to the drawing-paper. This path is the involute of the base circle and is the basis of the involute tooth outline. To complete the latter proceed as follows: Draw the addendum circle GH and the full-depth circle JK. In general JK will lie inside of the base circle EF and it will be necessary to extend the tooth outline inward beyond a. About O swing a circle whose diameter equals one half the circular pitch and draw ac tangent to it. With a radius equal to TV of the circular pitch swing in the fillet de tangent to JK and ac. deaPf is the completed outline. If the gear has 20 teeth or less ac should be made a radial line. If EF lies inside of JK we draw the fillet tangent to JK and aP.*
208. Gear Proportions.—The following formulas and table are given to assist in the practical proportioning of gears: Let D — pitch diameter; di = outside diameter;
D% —diameter of a circle through the bottom of spaces; P = circular pitch = space on the pitch circle occupied by
a tooth and a space;
p = diametral pitch = number of teeth per inch of pitch-circle diameter; N = number of teeth; t =thickness of tooth on pitch line; a = addendum;
* Approximate tooth outlines may be drawn by the use of instruments, such as the Willis odontograph, which locates the centers of approximate circular arcs; the templet odontograph, invented by Prof. S. W. Robinson; or by some geometrical or tabular method for the location of the centers of approximate circular arcs. For descriptions, see "Elements of Mechanism," Willis; "Kinematics," McCord; "Teeth of Gears," George B. Grant; "Treatise on Gearing," published by Brown and Sharpe.

